ABSTRACT. A retrospective analysis of 350 industrial injuries in a population of 12,828 workers was carried out in the Industrial State of Jeddah, Saudi Arabia with the objectives of evaluating injuries in relation to the characteristics of workers, materials, tools, work environment, and tasks. Data were collected by field surveillance, examining patients, notifying different factors, computing them and then analyzing using statistical analysis. Significant relationships were found in risk factors such as young age (P < 0.0001), low level of education (P < 0.001), short experience (P < 0.0001), solid materials of average and overweight and sizes 1m 2 (P < 0.000 1), low energy and high velocity tools (P < 0.0001), machine handling (P < 0.05), and inadequate safety measures (P < 0.000 I), respectively. Preventive measures were constructed accordingly. These should be implemented in the occupational field to minimize the great loss at work.
Introduction
Industries are growing and expanding very fast all over the world with highly competitive markets and consumptions. Hence, musculo-skeletal injuries of occupational and industrial backgrounds form a significant part of orthopaedic practicer1]. With some, they are considered second to cardiovascular diseases' in causing disability and great loss of working days [2] . Not only that, but about 350/0 of total injuries were reported to be due to occupational hand and finger injuries by the Massachusetts Medical Society in 1982[31 . However, different factors in causing injuries and their relative risks. lndentification of the different factors and their characteristics were reported in several studies l4 - 6 ] . They aimed at the maintenance of safety and prevention of accidents at work.
The present study was designed to identify the relative significance of the various characteristics of the different factors that were the cause of injuries among workers in the Industrial State of the city of Jeddah over a period of one year.
Subjects and Methods
The Industrial State the city of Jeddah, Saudi Arabia was established 1968 in the southern district and 8 kilometers from the city centre. It was divided into different zones and stages with a total size of 12 million square meters. There were 200 types of industries involving food, leather, clothing, plastics, furniture, cables, electronics, papers, chemicals, steel, and confectioneries, The work settings were satisfactory, safe, and well-organized. There were 12,828 male workers distributed among these industries. No females were found to work due to the rules and regulations of the country. There was a safety and security department of the General Directorate of Civil Defence responsible for the supervision and maintenance of safety in the sections of the Industrial State. A primary health care clinic was found to provide first aid, general health care, and referral to the other centres and hospitals whenever indicated.
A retrospective computer search, field surveillance, and regular visits to the area were performed for each case of industrial injury. The data were collected with the assistance of the above mentioned authorities and then statistically analyzed (using X 2 testing and other appropriate statistical methods) to observe their significance.
Results
The total number of accidents reported in a period of one year was 350 (2.730/0) in a population of 12,828 workers in the industrial state. Hence, 12,478 workers had no accidents during the same period. The distribution of accidents and accident rate percentage by the characteristics of workers, material, tools, work environment, and tasks were analyzed and presented in Tables 1 to 5 . In the analysis, factors of important relevance to the characteristics and accidents were described. Contrary to what is to be expected, more accidents occurred in the absence of fatigue and exertion (3.2%) and in workers with good physical build (3.0%) ( Table 1 ). The body build was taken in relation to the height to categorize it into poor body build. Table 2 shows the results on body weight, size, sharp edges, and form and it was found that sharp edges material contributed insignificantly to injuries. Instead, more injuries occurred with non-sharp edge objects (13.5%) ( Table 2) . However, a significant relationship was found with average to overweight materials of 1m 2 size and of solid form (P < 0.000 1 and P < 0.000 1, respectively) ( Table 2 ). The criteria taken for the weight of materials to be light, average, or non-weight was considered with the square meter of its size. The factors related to tools and machines are shown in Table 3 . A significant relationship was found in tools of low energy and high velocity and in machine handling (P<O.OOOI and P<0.05, respectively). Mechanical failure did not contribute significantly to injuries (Table 3) as maintenance was closely observed at work. Similarly, the design of tools and machines was convenient and safe, hence less accidents occurred in an unsafe design (0.90/0). The work environment was closely screened. The general settings and design of the work environment was satisfactory, hence accidents had no significant relationship to dust, noise, gases, or the design and organization of the workplace (Table  4) . Definitely, inconvenient electrical, water, and sewage supplies had a significant relationship to injuries (P<O.OOO 1) ( Table 4) .
Although the temperature control and conditioning were convenient, more accidents were reported in a satisfactory atmosphere (2.80/0) (Table 4 ). However, an important factor of definite risk to the worker was noted to be unsatisfactory safety measures (P<O.OOO 1) ( Table 4 ). The safety measures were categorized into satisfactory and unsatisfactory according to the procedures taken at work by the characteristics of the tasks. Table 5 revealed that the characteristics of the tasks that were of importance to the risk factors in causing injuries including machine and material handling (2.5% and 10.8%, respectively). Finally, upper limb injuries predominated (67%) as well as cut and penetrating wounds (900/0) (see Figures 1 and 2, respectively) . 
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Discussion
Industrial injuries are crucial in their delirious effect on the health and economy of the society concerned, Their occurrence are multifactorial and there are identifiable risk factors which are closely related. These characteristics are important to investigate while reporting the accident rates at work in industries. In the present study, the characteristics of workers, materials, tools, work environment and tasks were investigated and analyzed into different factors which were of direct relation and importance to work industries. Young age group (20-29) workers were more prone to having accidents and were at higher risk (P<O.OOO I). The same observation was noted in other studies Not only that, but also noted was a distinct increase in the number of accidents in the age group of 20-39 years. This could be explained by the fact that young people less attention to precautions while attending their hence, the age by itself is a risk factor. Obviously, the level of education was also contributory and when analyzed, it was found to be related significantly to injuries, particularly a low level of education (P<O.OO 1). The latter confirms previously reported studies! 11]. Furthermore, the duration of experience at work also proved to be essential to eliminate the risk factor of short experience which was found significantly related to injuries (P<O. OOO I) . This is consistent with the finding that experience is the best predicative value in the surveillance of accidents. in industries [7, 10] . However, others noted that in some occupations like woodworking, more accidents occurred in the hands of experienced woodworkers (37% ) [11] . The explanation could be that some other factors may played a major part in causing woodwork injuries such as manual handling and lack of safety measures. The risk factors arising from the materials approached at work were also evaluated regarding their weight, size, and form. These were statistically significant in the average and overweight objects of 1m 2 size and solid form (P<O.OOO 1 and P<O.OOO 1, respectively). This is consistent with the suggestion that the danger increases linearly with the increasing weight of the load from the equation of potential and kinetic energy (E =mv 2 /2) [ 12] . Hence, the risk factor of objects of such caliber are possible to eliminate if mechanization, automation, and remote control operation are implemented at work. Based on the same quotation of a previous reference that the danger grows proportionally to the square velocity of motion ' 12] , it was found from the present study that the high velocity tools with low energy had a high accident rate (10. 60/0) with significant relationship (P<O.OOO 1). Not only that, but it was also observed that. tools and machines, when handled manually, carried a high risk factor to worker (2.50/0) . In addition, the evaluation of task characteristic also revealed a high accident rate in material handling (10.8%). This was obvious since handling per se carried a risk factor to workers in industries. This was clearly stated by some authors that 30% of all occupational accidents were related to material handling and more than half of those occurred in manual operations [4, 12] .
The work environment had factors analyzed. A definite risk factor which significantly contributed in causing accidents was unsatisfactory safety measures (P<O.OOO I). This was similarly noted in 58% of severe occupational hand injuries which were due to inadequate safety provision and inadequate use of safe machines[101. Also reported in woodwork injuries, the significant causal factor was the failure to apply safety and properly installed guards [ll] . Needless to say, the importance of safety measures at work definitely lowers accident rates. It was worth to indicate that some factors in the present study had less or no significance such as the nationality, communication of language in workers, and work environment of design, dust, gases and temperature control except electrical and water supply. Nor the personal factors like physical build or fatigue and exhaustion were of any significance. However, the same surveillance was brought up by some authors stating that adverse work environment and personal risk factors were associated with a small proportion of occupational hand injuries! I 0]. The sharp edges of materials, together with the design of tools and their mechanical failure, were also of no significance to accidents in this surveillance. Because manual handling is a risk factor, the speculation would be that hand injuries will predominate. This was duly noted in the present study that 67% of injuries were in the upper limbs and, in particular, the hands. A similar report from the Massachusetts Medical Society in 1982 showed that 350/0 of total injuries were due to occupational hand and finger injuries [3] . Lastly, minor injuries predominated (90%) in the present study such as cut and penetrating wounds and this was similar to that of other studies [5] .
In conclusion, manual handling of tools and materials and the lack of safety precautions by young, low educated workers with short experience are real risk factors. The solid form of materials with certain sizes and weight, together with high velocity tools, are also risky. The golden rule will be the application of preventive measures such as minimal handling by automation, mechanization, and remote control operation. In addition, workers selection, their education, and training are also important. Safety measures should be strictly adopted in the form of safety guards, alarming devices, communication system, protective measures at vulnerable areas, and regular maintenance.
